Extensive observations of comet C/2004 Q2 (Machholz) were carried out between August 2004 and May 2005. The images obtained were used to investigate the comet's inner coma features at resolutions between 350 and 1500 km/pixel.
Introduction
Comet C/2004 Q2 (Machholz) was discovered by Don Machholz (2004) in the morning of August 27, 2004 . It seems to be a member of the Oort cloud, with an estimated orbital period of 113,000 years (Marsden 2005) .
Due to the favorable geometrical conditions of the appearance (Green 2004) , the comet became as bright as magnitude 3.5, reaching its highest luminosity in the first week of January 2005, when it passed at the perigee (Yoshida 2006, and Yoshida, priv. comm.) . Moreover, comet Machholz became circumpolar for the northern observers in March and April 2005, thus allowing extensive observational sessions.
On February 9, 2005, the first determinations of the rotation period and of the pole position were announced by Sastri (Sastri et al. 2005a (Sastri et al. , 2005b , but his solution (rotation period of 9.1 h, pole orientation at RA = +190 • , Dec = +50 • ) was demonstrated to be incorrect by Farnham and co-workers (Farnham et al. 2007b ), who proposed a new estimate for the rotation period of 0.733 days (17.6 h) and for the pole position at RA = +50 • , Dec = +35 • , after observing the comet extensively from February to April 2005. The determination of the rotation period and the geometrical properties of the nucleus of a comet is an extremely complex task. They can be estimated on the basis of morphological studies, but only through a continuous monitoring of the comet's jets or shells (if observable), and are dependent on their geometry. In some cases, differential photometry may be applied to images taken during prolonged observations obtained over several consecutive nights.
The study of the morphology of the inner coma, as well as that of the variations over time of the observed structures, provide important information to understand the evolution of the active areas on the nucleus. In the recent past, the study of the evolution of jets and shells in the inner coma of comet Hale-Bopp allowed us to discover a close correlation with the rotation of the nucleus (Manzini et al. 1997; Schwarz et al. 1997) . Comet Ikeya-Zhang was also found to be particularly suitable for similar morphological studies (Manzini et al. 2006) .
Dust features are well visible inside the inner coma of the most active comets, since they show a higher signal-to-noise ratio than gas features. Moreover, dust structures can be observed up to a long distance from the nucleus, as dust is less affected than gases by the solar radiation. However, molecular dissociation of gases occurs very close to the nucleus, and this process causes important variations in the wandering speed which may mask the position of the active sources.
Observations made with broadband filters or without filters are dominated by the reflection of sun light on dust in the inner coma: this effect increases the signal-to-noise ratio for dust, thus minimizing the contribution due to the presence of gases (Farnham et al. 2007a (Farnham et al. , 2007b .
The objectives of our work can be summarized as follows:
1. observation and characterization of the details of the inner coma through image enhancement by means of different filters; 2. differential photometry of the brightness of the false nucleus and of the inner coma; 3. determination of the rotation period and of the orientation of the spin axis of the nucleus.
Methods of observation
Different series of images of comet Machholz were taken by our group at several observatories mainly located in Northern Italy (Table 1) . The instruments used permitted a sufficient spatial resolution to investigate the morphology of the inner coma, and had been successfully used for previous studies on comets Hyakutake, Hale-Bopp (Manzini et al. 1997; Schwarz et al. 1997) and Ikeya-Zhang (Manzini et al. 2006 ).
The first long series of images of comet Machholz were taken on December 10, 2004; the geometrical conditions became favorable only around that date, when the comet left the constellation Columba (very low at our latitudes) to rise in declination.
The comet was extensively observed over several consecutive nights from 10-13 December 2004, 1-6 and 10-16 January 2005. Ten additional observing sessions were spread between August 2004 and May 2005. All observations were carried out under very good atmospheric conditions.
The favorable geometrical conditions of the appearance allowed us to obtain instrumental resolutions of up to about 300 km/pixel during the first decade of January, 2005.
